Reproductive characters (N = 430 matings) of four doe genetic groups and preweaning performance of litters (N = 280) were evaluated in a 15-mo study. Doe genetic groups were New Zealand White (NN) 
Introduction
There currently are over 40 recognized breeds of rabbits in the United States (American Rabbit Breeders Association, 1981) . These breeds differ markedly in pelage coloration and structure, body size and conformation, growth rate, fecundity, disease resistance and other characteristics. Despite this available breed variation, one breed, the New Zealand White, is traditionally used as a straightbred in commercial meat rabbit production.
Studies on breed evaluation for economic traits in North America are limited (Gregory, 1932; Rollins and Casady, 1964; Lukefahr et al., 1982) . Other research Hulot and Matheron, 1979; Campos et al., 1980; Carregal, 1980; Partridge et al., 1981) on breed differences for maternal and preweaning litter traits has demonstrated the potential role of utilizing existing breed resources to maximize bioeconomic returns to the commercial rabbit enterprise.
The objectives of this study were: (1) to examine variation among does within groups, 1090 JOURNAL OF ANIMAL SCIENCE, Vol. 57, No. 5, 1983 and the effects of doe genetic group, diet, sire breed of litter, month of experiment and age of dam on doe and preweaning litter performance, (2) to quantify differences in performance traits among straightbred and reciprocal crossbred does, differences due to heterosis and differences due to sire breed of litter and (3) to estimate repeatabilities for doe production traits.
Materials and Methods
Population and Management. Four doe genetic groups and two diets were cross-classified in a factorial arrangement of treatments in a 15-mo study (November 1980 to February 1982 . Three sire breeds of litters were represented in each doe genetic group • diet cell (table 1). A total of 117 does: 35 New Zealand White (NN) and 40 Californian (CC) straightbreds and 22 Californian x New Zealand White (CN) and 20 New Zealand White • Californian (NC) reciprocal crossbreds were involved. The CC breed, raised primarily for exhibition, was included in the study because of its meat-type conformation, its limited usage in commercial rabbit production in this country and its popularity in Europe.
Does of each breed group were allotted randomly at standard breeding age (154 d) to one of two diets. The first was a commercial pelleted diet 6 that served as the control. The second diet, also pelleted, contained 74% ground alfalfa (IFN 1-00-111), 21% soybean meal (IFN 5-04-604), 3% molasses (IFN 4-04-696), 1.25% tallow (IFN 4-00-375), .5% trace mineralized salt and .25% dicalcium phosphate. Control vs 74% alfalfa diets had 18.8 vs 22.1% crude protein, 22.8 vs 26.5% acid detergent fiber, 32.9 vs 34.8% cell wall constituents and 2,605 vs 2,527 kcal digestible energy/kg of dry matter. The hypothesis that a lower fiber level and(or) a higher energy concentration of the diet relates to excessive microbial fermentation in the hindgut and subsequently, to diarrhea, toxicosis and death, particularly in the weanling rabbit, has been advanced (Cheeke and Patton, 1980) . Three sire breeds-NN, CC, and Flemish Giant (FG) straightbreds-produced a total of 6Carnation Alber's Milling Co., Portland, OR (Commercial Family Ration).
7Ventilation system and equipment were designed by Choretime Equipment, Inc., Milford, IN. 280 litters. Fifteen NN, 16 CC and 11 FG bucks were involved. Bucks of the NN and CC breeds generally weigh between 3.6 and 5.0 kg at maturity (approximately 8 mo), while FG bucks may exceed 9.1 kg at maturity (American Rabbit Breeders Association, 198t) . The influences of sire breed on postweaning growth and mortality and on carcass merit were of major interest in the overall experiment. Those results are reported by Lukefahr et al. (1983a,c) . All bucks received the commercial control diet.
The experimental population was maintained in an enclosed, environmentally controlled building. Air intake plenums and exhaust fans were thermostatically regulated 7 at 15.6 C. Broad spectrum fluorescent bulbs were used throughout the study on a 16 h:8 h light-dark cycle to facilitate year-round breeding. Quonsethut-style commercial cages (dimensions of 76.2 x 76.2 • 45.7 cm) fitted with a 25.4-cm screened metal feeder housed all rabbits. The water supply was automated. Walkways were concrete and the manure pits were surfaced with a fine to coarse underlying gradient of gravel and with a drain pipe at the bottom layer. Manure was removed twice/annum.
Mating first occurred at 154 d and diagnosis of pregnancy through abdominal palpation followed 10 d later. Does diagnosed not pregnant were immediately returned to a buck for remating. The breed of each doe's first mate was chosen at random, with bucks for her second and third matings coming from the remaining two sire breeds. A doe's fourth exposure, regardless of whether a conception occurred, was again to a buck whose breed was chosen at random. Several bucks were maintained at all times for each breed. The specific buck used for mating was always the one of the approriate breed with the greatest elapsed time since a previous mating. At 28 d of gestation, pregnant does were provided with a frontloading subterranean nest box containing sanitized wood shavings. Fostering of kits between litters was not practiced.
Doe management utilized a 14-d intensive breeding schedule after the first and subsequent parturitions, allowing for a maximum of eight litters/annum (31 d gestation length + 14 d postpartum until service x 8 matings). Approximately one-half of all does within each breed group had the opportunity to produce for one full year. Culling criteria included respiratory disease, mastitis, pododermititis (sore hocks), reproductive disorders (e.g., failure to conceive or rear a live litter to weaning in three consecutive mating exposures), intestinal and metabolic diseases and death. All marginal cases for culling were examined by a veterinarian. Young doe replacements were introduced as needed, throughout the course of the experiment, to replace does dying or culled for one of the above reasons. Replacement does were chosen at random from young does of the appropriate genetic group. Upon weaning of the litter at 28 d of age, the dam was moved to a different cage, the rationale being that does appear to adapt better to a new cage environment than do weanling rabbits.
Until 21 d postpartum, does were restricted to their cages and litters to their attached nest boxes, except for a daily nursing period of approximately 4 min, as described by Lukefahr et al. (1983b) . At 21 d, the litter was transferred from the nest box to the cage with the dam, and free access to feed and water was allowed until weaning 1 wk later.
Performance traits collected from does were weight at first mating (154 d), longevity of production (measured only in does with a full year breeding potential) and fertility, recorded as the success (1) or failure (0) of a full-term pregnancy. Litter traits included number born (alive and dead), early survival (percentage born alive of total number born), litter birth weight, number weaned (28 d), late survival (percentage of live-born kits surviving to weaning age), litter weaning weight, doe plus litter feed intake and efficiency during the preweaning period (litter gain/doe plus litter feed intake). All these characteristics are of economic importance. Milk production and associative traits are discussed by Lukefahr et al. (1983b) .
Statistical Procedures. To accomplish the first objective, data were analyzed by leastsquares procedures through analysis of variance (Harvey, 1975) . The mathematical model for doe breeding weight included genetic group and season at first mating as potential sources of variation. Diet and genetic group X diet interaction were added sources of variation for longevity of production. The remaining doe and preweaning litter traits were analyzed according to the following model: Yijklm =//+ Ti + Dij + Sk + (TS)ik + MI + bI(A-A) + b2(A-~,) 2 + Eijklm, (1) where Yijklm = observed value of a given dependent variable, /~ = overall mean, T i = fixed effect of the ith treatment (with seven degrees of freedom: three for doe genetic group, one for diet and three for the interaction), Dij = random effect of the jth doe within the i th treatment, Sk = fixed effect of the k th sire breed, (TS)ik = fixed effect due to the interaction of treatment and sire breed, M I = fixed effect of the i th month of the experiment, A = age of dam at kindling in days, bl and b2 = partial linear and quadratic regression coefficients of Yijklm on A and Eijkl m = the random error.
Only litters in which one or more kits survived to weaning age (N = 225) were included in the analysis of number weaned, litter weaning weight and doe and preweaning litter feed intake and efficiency.
To meet the second objective of the experiment, a set of orthogonal contrasts was made to quantify straightbred dam genetic group, heterosis, reciprocal crossbred, diet and sire breed effects. Each single degree of freedom contrast was tested for significance by Student's t-test.
Estimates of repeatability for doe production traits were computed as intraclass correlations of repeated records of the same doe, using variance components describing variation among and within does. Approximate standard errors of the repeatability estimates were computed according to the method of Swiger et al. (1964) .
Results and Discussion
Analysis of Variance. The doe genetic group effect was significant for breeding weight at 154 d, but not for longevity of production. Season of year did not influence (P>.05) either character. For the additional sources of variation of diet and doe genetic group • diet interaction on longevity of production, only the diet effect was significant.
Analyses of variance results, degrees of freedom, residual mean squares and tests of significance for the remaining doe and preweaning litter traits are presented in table 2. The source of variation for treatments, consisting of doe genetic groups, diet and the genetic group • diet interaction, significantly affected all traits with the exception of fertility percentage. Variation among does within treatments was likewise important (P<.05) for all performance traits, except for litter weaning weight and doe and litter feed efficiency. Percentage early survival and litter birth weight were strongly influenced (P<.01) and fertility percentage tended (P<.08) to be influenced by sire breed, the other traits not being affected to a statistically significant extent. Important sire breed effects for preweaning litter survival (Rouvier, 1973) and for individual weight traits (Carregal, 1980) have been reported. In the current experiment, a treatment x sire breed interaction was detected (P<.05) for percentage early survival. Examination of the subclass means revealed that the interaction was due primarily to a very low average survival value of 7.6% in Month of the experiment influenced (P<.05) litter birth and weaning weights and doe and litter feed intake and efficiency through the preweaning period (table 2) . However, no consistent trends were observed from plotting mean monthly values for each character. The population was maintained in an enclosed building with thermoregulated fans and a constant lighting regimen (16 h:8 h light-dark cycle/d). This may have reduced the impact of some potential natural environmental effects.
The linear and quadratic regression effects of age of dam at kindling significantly influenced litter birth weight. The curve increased but at a decreasing rate as age of dam increased. Because the linear regression on age of dam did not affect the remaining traits, this source was deleted from the model. Some studies (Sittmann et al., 1964; Rouvier et al., 1973; Lukefahr, 1982) (1981) , require NN does to weigh between 4.5 and 5.4 kg and CC does to weigh between 3.9 and 4.8 kg by 8 mo of age. Doe longevity was comparable for both straightbred groups during the first year of production. Heterosis percentages for doe breeding weight and longevity were not significant. The reciprocal difference between crossbred groups for doe breeding weight revealed a .21-kg advantage of CN does reared by NN dams (P<.05). Longevity was 93 d longer (P<.06), on average, in CN compared with NC does. Actual percentages of does completing an entire 12 mo of production for the four genetic groups were 10% (NN), 9.5% (CC), 25% (CN) and 10% (NC). Reciprocal crossbred differences for both traits suggest the existence of maternal breed effects in favor of the NN group, possibly due to increased milk production of NN over CC does (Lukefahr et al., 1983b) .
Doe genetic group means and selected contrasts for the remaining performance traits are provided in table 4. The 6.4% difference in fertility favoring CC over NN does was not significant. Partridge et al. (1981) reported The straightbred doe contrast for the remaining characters showed NN does to maintain an overall superiority to CC does. Large (P<.01) breed differences were detected for litter birth and weaning weights, percentage late survival and doe and preweaning litter feed intake and efficiency. Although not statistically significant, large breed differences were observed for number born and weaned per litter; NN does had a .86 and a 1.06 kit advantage compared with CC does. Campos et al. (1980) reported a difference of .46 kits at birth, also in favor of NN over CC does. Breed superiority of NN compared with CC does for number born and reared per litter has been demonstrated in EurQpean studies (Rouvier, 1973; Partridge et al., 1981) .
Breed ranking for percentage early survival of litters (NN does had a 9.2% advantage over CC does) agrees with other reports (Campos et al., 1980; Partridge et al., 1981) . Litter birth and weaning weights were heavier (P<.01) in litters reared by NN dams. This resulted partly from a larger litter size and partly from increased milk production (Lukefahr et al., 1983b) in the NN does. Differences in prenatal and(or) preweaning growth rate of the kits could also contribute to the differences in litter weight, but these traits were not examined in this experiment. Percentage late survival was 15.1% greater in litters of NN vs CC maternity, which confirms the results of Rouvier (1973) . Straightbred NN dams plus litters consumed 2.0 kg more feed, but were more efficient in converting feed to litter gain than straightbred CC dams plus litters (P<.01).
Heterosis percentages for maternally expressed production traits (table 4) were all positive, being significant for number born, litter birth and weaning weights and doe and preweaning litter feed intake. As a combined group, crossbred does kindled and reared larger and heavier litters to weaning (28 d) than the mean performance of straightbred doe groups, suggesting the existence of important nonadditive genetic effects for these production traits. Rouvier (1973) reported heterosis from crossbred vs straightbred does of 10.4% for litter weaning weight, which is similar to our estimate of 10.3%. Hulot and Matheron (1979) reported 10% heterosis for corpora lutea number involving the same maternal breeds. Their value is comparable to our estimate of 10.5% and to the estimate of 14% reported by Rollins and Casady (1964) for number of kits born/litter. Of interest, percentage fertility levels in CN and NC crossbred does were above levels found in NN and CC straightbreds, as also reported by Partridge et al. (1981) .
The existence of reciprocal differences between CN and NC crossbred doe groups would suggest differences in maternal characteristics between the NN and CC dams that reared the crossbred does. Reciprocal differences were significant for number born and weaned per litter, litter birth and weaning weights and doe and litter preweaning feed intake, all in favor of CN does having been reared by NN straightbred dams. These results may have been a reflection of heavier body weights (P<.05) of CN compared with NC does (table 3) . One important aspect of the maternal breed environment supplied by NN vs CC dams is the substantial difference in milking ability in favor of NN does, which is highly correlated with preweaning litter weight traits (Lukefahr et al., 1983b) . Reciprocal differences for percentages of doe fertility and for early and late survival in litters and for doe and preweaning litter feed efficiency were negligible. Consistent with our results, Partridge et al. (1981) reported similar fertility levels for CN and NC crossbred does.
Diet and Doe Genetic Group x Diet Interaction Comparisons. The diet means for longevity of production in does are shown in table 3. Does fed the 74% alfalfa diet had a 50-d advantage (approaching significance at P<.07) in longevity during the first production year over does fed the commercial diet. Specific reasons for the difference in longevity cannot be determined, because the two diets differed in nutritive content for energy, protein, minerals and vitamins.
Diet comparisons for the remaining performance traits of does and litters are presented in table 4. Differences in favor of the 74% alfalfa diet were found for number born and weaned, percentages of early and late survival in litters, litter birth and weaning weights and doe and preweaning litter feed intake (all P<.01). Particularly for the litter size and growth traits, the higher protein content in the 74% alfalfa diet (22.1 vs 18.8% in the commercial diet) may have improved performance. Diet differences for percentage doe fertility and doe and preweaning litter feed efficiency were small and nonsignificant.
A doe genetic group x diet interaction (involving the straightbred contrast of NN-CC does) was observed for percentage late survival in litters (P<.05). No change occurred, however, in the ranking of breeds across diets (or vice versa).
Sire Breed and Treatment x Sire Breed
Interaction Comparisons. Sire breed means and selected contrasts for performance characters are shown in table 5. Differences for all traits were small in the first sire breed contrast of NN-CC breeds, with the exception of percentage early survival in litters. Percentage early survival was 14.9% lower (P<.05) in litters sired by NN bucks. Rouvier (1973) reported similar breed means for preweaning survival rate/litter for NN and CC sires, mated across three doe breeds, of 80.3 and 82.5%, respectively. Previous results with respect to number weaned (Rouvier, 1973) and weaning weights (Carregal, 1980) agree with present findings in demonstrating minor differences attributable to NN vs CC sires. Based upon our results, maternal breed effects appear to be much more important than sire breed effects in influencing preweaning litter characters.
The second sire breed contrast of FG-89 (NN + CC), quantifying the effect of a large vs the average of two medium weight sire breeds, showed an important (P<.05) influence on percentages of fertility and early survival in litters and in litter birth weight, favoring the FG breed. A larger semen volume and increased total sperm output/ejaculate of FG bucks compared with bucks of small and medium weight breeds (Frtilich and Venge, 1948) may explain the 9.1% fertility advantage of FG bucks over the combined average of NN and CC bucks. However, higher fertility was not associated (P>.05) with a larger number of kits born/litter. Percentage early survival was greatest (P<.05) in FG-sired litters compared with the average of NN-and CC-sired groups.
All FG-sired litters had the potential of exhibiting maximal heterosis levels for survival, being fully crossbred. Only one-quarter of litter groups sired by NN or CC bucks, however, were themselves fully crossbred. The sire breed advantage of FG bucks over the average of NN and CC bucks for percentage late survival (birth to weaning) was small at 3.5%. Rouvier (1973) 
reported survival rates for Gdant blanc du Bouscat (a large breed), NN-and CC-sired litters, produced across three maternal breeds (NN, CC and Petite Russe), of 70.1, 77.9 and 75.4%, in contrast with our results for a large breed. Litters sired by FG bucks were heavier (P<.01) at birth than the average of NN-and CC-sired litters, as expected. In a separate experiment, Lukefahr (1982) reported average individual birth weights of 66 vs 53 g for FG and NN straightbred litters. Weaning weights in litters of FG paternity were .31 kg heavier than averaged litters of NN and CC paternity, although significance was not obtained. Doe and preweaning litter feed intake and efficiency were not affected (P>.05) through the use of the FG sire breed. Of interest, observed differences in performance traits from the FG sire breed contrast were all positive, indicating a consistent desirable trend associated with using the FG as a terminal sire breed.
Sire breed x treatment interactions (where treatments represented doe genetic group • diet subgroups) were observed (P<.05) for percentage early survival, litter birth and weaning weights and number weaned/litter. However, of the 156 total possible interactions computed from the data set for all characters studied, only seven (<5%) single degree of freedom interaction contrasts were detected as being significant. Thus, the biological and economic importance of these interactions is open to question. aEstimated effective number (K) of repeat doe records was 2.4 for each of the above traits with the exception of fertility (K -~ 3.4).
Repeatability Estimates. Estimates of repeatability for doe production traits are presented in table 6. Repeatability of fertility, recorded as the success (1) or failure (0) of a mating to result in a full-term pregnancy, was .09. Other reports on repeatability of fertility in rabbits are not available.
Repeatability of total number born/litter was .26. Rouvier et al. (1973) and Suh et al. (1978) Repeatabilities of litter birth and weaning weights were .33 and .07, respectively. Lampo and Van den Broeck (1975) estimated repeatability of litter birth weight to be .12. Other estimates of repeatability for litter birth and weaning weights of .09 and .22 were reported by Lukefahr (1982) .
Repeatability of number weaned/litter was estimated at .23. Donal (1973) , Suh et al. (1978) and Lukefahr (1982) reported repeatabilities of .20, .09 and .02, respectively, for number weaned.
Repeatabilities of doe and litter feed intake and efficiency through the preweaning period were .19 and .05, respectively. For doe and litter feed intake during the same growth period, Lampo and Van den Broeck (1975) and Lukefahr (1982) reported repeatabilities of. 15 and .28, respectively. A higher estimate of repeatability for doe and litter feed efficiency of .36 was obtained by Lukefahr (1982) .
In general, low to moderate levels of repeatability for all characters investigated were observed. Therefore, culling of does based on a single production record would not be advised. Number of kits weaned/litter (at 28 d) should be a practical trait on which to base culling strategies of does of similar genetic background, to improve mean herd productivity.
